THE DISAPPEARANCE OF PHOSPHATASE FROM THE HYDRONEPHROTIC KIDNEY by Wilmer, Harry A.
THE  DISAPPEARANCE  OF PHOSPHATASE  FROM  THE 
HYDRONEPHROTIC  KIDNEY 
BY HARRY A. WILMEI~ M.D. 
(From the Department of Pathology, The  Medical School, University of Minnesota, 
Minneapolis) 
PI~r~ ? 
(Received for publication, June 17, 1943) 
A phosphatase capable of hydrolyzing phosphoric esters at an optimum pH 
near 9, present in almost all mammalian organs, exhibits its greatest activity 
in the kidney cortex and the intestinal mucosa (1, 2).  Biochemical determina- 
nations of phosphatase activity, depending upon extracting whole tissue, give 
no clue as to which cells contain this enzyme.  In 1939, Gomori (3) and Taka- 
matsu (4) independently developed histotechnical methods for the microscopic 
demonstration of phosphatase activity on ordinary histologic slide preparations. 
This method clearly demonstrated that the "alkaline" phosphatase in the 
kidney is limited to the proximal convoluted tubules and a varying portion of 
the ascending limb of I-Ienle, being confined to the luminal border of these cells. 
The only exception was in the cat where the glomeruli were positive (5).  Like- 
wise, in the small intestine the cells lining the lumen of the mucosa stained in- 
tensely for phosphatase activity.  Although the enzymatic activity of differ- 
ent tissues varied from species to species, in the kidney and intestine the results 
were most uniform and constant. 
Since the absorption of glucose from the intestine (6),  and reabsorption in 
the proximal convoluted tubules (7) are probably analogous metabolic proces- 
ses, evidence was marshalled to show that phosphorylation by a specific enzyme 
system, and subsequent dephosphorylation by phosphatase played an impor- 
tant r61e in the transflux of the glucose molecule through these cells.  In addi- 
tion,  in this scheme, phosphatase probably serves a  definite purpose  in the 
economy of intracellular energy (8).  It is conceivable that the enzyme also 
plays some part in the excretion of inorganic phosphates (9). 
It was, therefore, of great interest to know under what physiologic and patho- 
logic conditions the phosphatase activity of these cells varied.  Routine histo- 
technical preparations were made of autopsy material in a series of experiments 
during which tubular injury was produced in rabbits by nephrotoxic drugs. 
EXI~IlrM~NTAL 
The rabbits  were anesthetized  with intravenous  sodium pentothal, supplemented 
by ether as needed.  In each animal the left ureter was doubly ligated and severed. 
Twenty-one rabbits  weighing from 1.6 to 2.9 kilos were used.  Mter intervals of hy- 
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dronephrosis varying from  1 to 31  days the animals were  given in separate series: 
uranium nitrate, 5 rag. per kilo of 0.5 per cent aqueous solution, subcutaneously;  race- 
mic tartaric acid, 0.51  to  1.7 gin. of  17 per cent aqueous solution neutralized with 
sodium bicarbonate, subcutaneously; sucrose,  50 cc. of 20 per cent solution per kilo, 
intravenously;  diethylene glycol, 8 to 8.5 cc., intramuscularly;  and bichloride of mer- 
cury, 5 rag. of 1 : 1000 aqueous solution, subcutaneously.  The animals were sacrificed 
TABLE I 
Phosphatase Demonstration 
Rabbit 
experiment 
No. 
2-7 
1-00 
3-7 
4-O 
4-1 
3-1 
3-6 
3-2 
2-9 
2-5 
2-3 
3-8 
3-5 
4-4 
4-3 
4-9 
2-1 
4-5 
1-5 
2-0 
3-4 
3-6 
2-2abc 
Duration of 
hydro- 
nephrosis 
days 
1 
1 
1 
4 
4 
4 
5 
5 
6 
7 
7 
7 
9 
10 
10 
Nephrotoxic drug administered 
to animal 
Racemic acid 
Bichloride mercury 
Control 
Bichloride mercury 
Diethylene glycol 
Control 
Uranium nitrate 
Control 
Bichloride mercury 
Uranium nitrate 
Racemic acid 
Uranium nitrate 
Uranium nitrate 
Uranium nitrate 
Diethylene glycol 
Total dose 
gm. 
0.510 
0.005 
0.005 
8  co. 
0.008 
0.005 
0.010 
0.510 
0.009 
0.010 
0.008 
8.5 cc. 
Kidney phosphatase activity 
Right (unoper- 
ated) 
11 
12 
15 
16 
20 
31 
None 
None 
Racemic acid 
Uranium nitrate 
Uranium nitrate 
Uranium nitrate 
Phlorizin 
Sucrose 
Phlorizin 
Control 
++++ 
++++ 
++++ 
+++ 
+ 
++++ 
++++ 
++++ 
+++ 
++++ 
++++ 
+++ 
++++ 
++ 
++ 
1.700  +++ 
0.0i4  +++ 
0.012  ++++ 
0.012  ++ 
3.500  + + 
24.000  +++ 
3.000  ++++ 
--  ++++ 
Left (hydro- 
nephrotic) 
+++ 
++ 
+++ 
++ 
tr 
+ 
tr 
+ 
++ 
++ 
+ 
tr 
tr 
tr 
tr 
+ 
+ 
tr 
tr 
tr 
+ 
when tubular injury  was at the maximum as previously determined on control animals. 
At autopsy, tissue was sectioned from each of the major organs.  Duplicate kidney 
slices were taken from three or four places in the kidney, and one specimen was fixed 
in Helly's solution and prepared routinely with hematoxylin and eosin staining, the 
other specimen was fixed in 80 per cent alcohol and stained for phosphatase activity 
according to the histochemical technique of Gomori (3).  (Table L) 
The Gomori-Takamatsu technique is based upon the deposition of calcium phos- 
phate at the site of enzymatic activity, when a section of tissue is incubated in the 
presence of sodium fl-glycerophosphate and calcium ions, and at a suitable pH.  After ILA_RRY A.  Wm~ER  227 
incubation, the section and its control are stained by Kossa's silver nitrate method, 
or the cobalt sulfide method to visualize the calcium phosphate, and counterstained 
with hematoxylin and eosin. 
In addition to the rabbits,  the left ureter of eight rats was doubly ligated and 
severed, and the animals sacrificed at daily intervals.  These animals were not given 
nephrotoxic drugs.  (Table II.) 
DISCUSSION 
In the rabbit experiments the right (unoperated) kidney showed slight or no 
reduction in its phosphatase activity when compared to normal controls.  Sur- 
prisingly, however, the phosphatase almost completely disappeared from the 
hydronephrotic kidney after an interval of complete obstruction of from 4 to 5 
days (Figs. 1 and 2).  Although the phosphatase activity of the right (unoper- 
Phos 
Rat experiment No. 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-9 
2-1 
TABLE II 
Ohatase Demonstration Control Rats Not Given Drugs 
Duration of hydro- 
nephrosis 
days 
1 
2 
3 
4 
5 
6 
6 
8 
Kidney phosphatase activity 
Right (unoperated) 
++++ 
++++ 
++++ 
++++ 
++++ 
+++ 
++++ 
++++ 
Left  (hydronephrotic) 
++++ 
++ 
+++ 
++ 
tr 
++ 
++ 
ated) kidney was moderately reduced in some animals and greatly reduced in 
one animal, and the pattern disturbed because of the tubular injury,  the  dif- 
ference between the right  (unoperated) kidney and the left (hydronephrotic) 
kidney was clear cut in each instance, and depended only upon the period of 
hydronephrosis. 
The difference between the phosphatase activity of the hydronephrotic and 
the normal kidney in the rats was even more striking, since in these animals 
neither kidney was subjected to the injury of nephrotoxic drugs.  In the normal 
kidney the inner border of the cells of the proximal convoluted tubules was 
intensely stained, giving a  characteristic "burned lumen" appearance due to 
the black colbalt sulfide which marked the site of phosphatase activity.  After 
24 hours of obstruction the enzyme began to fade from the tubule cells, and 
after 48 hours only a trace to 2 ++  remained, disappearing last from the loops 
of Henle.  In the rat having hydronephrosis for 6 days, only a trace of phospha- 228  DISAPPEARANCE O~ PHOSPIIATASE ]FROM HYDRONEPHROTIC  KIDNEY 
tase  remained  and  the  difference between  the  hydronephrotic and  normal 
kidney was most striking (Figs. 3 and 4).  The intensity was graded upon the 
size, distribution, and density of the granules and the average picture of three 
or four sections: ++++  maximum, +++  great to moderate, ++  moder- 
ate to small, +  small to trace, tr trace to absence. 
Because, after a  few days of complete ureteral obstruction,  the hydrone- 
phrotic kidney was protected from injury by uranium nitrate and bichloride of 
mercury, it is inferred that in hydronephrosis most of the proximal convoluted 
tubules cease functioning.  The loss of phosphatase is, therefore, considered 
to be due to disuse.  Whether or not the enzyme will reappear following release 
of prolonged obstruction is not known, nor is it known if prolonged partial 
obstruction will produce the same result.  Likewise, it is not known if glucose 
metabolism is specifically disturbed in the hydronephrotic kidney under these 
experimental conditions.  Although complete anemia gradually leads to  the 
disappearance of phosphatase (10), it is not known whether the ischemia associ- 
ated with hydronephrosis is an etiologic factor.  The vascular disturbances 
can probably be dissociated from the hydronephotic picture by ligating the 
intrapelvic papilla instead of the ureter.  These and other problems amenable 
to experimental evaluation are being investigated. 
That the phosphatase content of the kidney is a  sensitive indication of its 
functional state was first pointed out by Kay (11),  and Brain and Kay (12) 
using biochemical methods of study.  In human autopsy material they found 
the phosphatase activity reduced to one-sixth of normal value when death was 
due to chronic nephritis with uremia.  It was somewhat reduced in degenera- 
tive renal lesions, and to a small extent when death was due to a  severe infec- 
tious process.  The phosphatase activity of the fetal and very young kidney was 
less than the adult.  In general, they found that any damage to the organ re- 
duced the quantitative ph0sphatase activity.  Furthermore, in experimental 
uranium nitrate nephritis in rabbits they found the phosphatase content per 
gm. dry kidney weight reduced from an average of 50.5  units to 23.5  units. 
Although reduced it can still be demonstrated in abundant quantities by the 
histotechnical method (13) as we have shown. 
In human kidneys this technique does not always reveal as uniform evidence 
of enzymatic activity as in the experimental animal.  Nevertheless, the pic- 
ture appears to be reliable since tissue preserved in the ice box is slow to lose 
its phosphatase activity.  In human nephritis there probably is little or no 
phosphatase demonstrable by this technique (5). 
"Alkaline" phosphatase disappears or only remains in small amounts in the 
rabbit and rat kidney after periods of hydronephrosis of 2 to 5 days or more, 
following complete  obstruction  of  the  ureter.  By  the  use  of  the  Gomori- HARRY A. WILM'~.R  229 
Takamatsu technique it has been possible to distinguish normally functioning 
from non-functioning ceils,  when by ordinary histologic stains the  cells are 
indistinguishable. 
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EXPLANATION  OF PLATE  7 
F16. I. Phosphatase histotechnical  preparation of rabbit  3-2,  with bydronephrosis 
of 5 days' duration.  No nephrotoxic drug administered to this animal.  Right 
(unoperated) kidney showing normal intense  4 + q-q-+ phosphatase activity  in the 
proximal convoluted tubules  and a varying portion  of the ascending limbs of the loop 
of Henle.  ×  27. 
FIG. 2.  Phosphatase histotechnical preparation of left (hydronephrotic) kidney from 
the same animal as in Fig. 1.  While only traces of enzymatic activity are demonstrable 
in the proximal convoluted tubules, some activity remains in the loops of Henle.  The 
most intensely stained field was chosen for this picture.  Kidney graded as 1 +.  X 27. 
FIG. 3.  Phosphatase histotechnical preparation of rat 1-9, with hydronephrosis of 
6 days' duration.  No nephrotoxic drug administered to this animal.  Right (unoper- 
ated) kidney showing normal intense 4 + +  + +  phosphatase activity of the proximal 
convoluted tubules, with the characteristic "burned lumen" appearance.  ×  160. 
FIG.  4.  Phosphatase  histotechnical  preparation  of left  (hydronephrotic)  kidney 
from the same animal as in Fig. 3.  Phosphatase activity can be demonstrated in only 
a few of the proximal convoluted tubules.  The field photographed, while containing 
only traces of enzymatic activity, is representative of the most intense areas in this 
kidney.  Most fields  contained no enzyme.  Kidney graded as trace.  X  160. THE  JOURNAL OF  EXPERIMENTAL MEDICINE  VOL.  78  PLATE  7 
(Wilmer: Disappearance of phosphatase from hydronephrotic kidney) 